Abstract. La 9.33 Si 6-x Cu x O 26-x powders with high purity were prepared. Using XRD, IR, SEM and ac impedance spectrum, crystal structure, surface microstructure and conductivity properties were respectively characterized. The results showed that the La 9.33 Si 6-x Cu x O 26-x grains embrace the crystal structure of p63/m apatite and the optimum sintering temperature of La 9.33 Si 6-x Cu x O 26-x electrolyte was 1500 ℃. The ac impedance spectrum test for the La 9.33 Si 6 x Cu x O 26 -x (x = 0.1, 0.2, 0.1, 0.2, 0.5) in different temperature conductivity showed that La 9.33 Si 6-x Cu x O 26-x had the highest ionic conductivity which value was up to 0.0735 S·cm -1 when the doping content was 0.3.
Introduction
Apatite type lanthanum silicate (La 9.33 (SiO 4 ) 6 O 2 , LSO) is a solid electrolyte material with excellent performance, good conductivity and chemical stability [1] . Figure 1 shows the crystal structure in the C axis direction of apatite type LSO electrolyte [2] , the crystal structure of LSO belongs to the hexagonal crystal system, space group is p63/m. O 2- , and Si 4+ formed the silicon oxygen tetrahedron structure independent [3] , LSO still maintains high oxygen ion conductivity, which exhibits excellent electrical conductivity [4] . By doping other ion to change the transport channel of oxygen ion is the main way to improve the performance of the LSO conductance. At present, alkaline earth metal doping at La site has been well-studied [5] , Xiang et al synthesized Nd, Sm, Gd, Yb doped LSO in the experimental system, they found that Nd and Yb incorporation can enhance the conductivity of the electrolyte, and the doping of Sm and Gd reduced the conductivity. The research of metal doping at La site is rare.
In this paper, we successfully prepared Cu doped La 9.33 Si 6-x Cu x O 26-x solid electrolyte in order to improve the conductivity of electrolyte, and the optimum sintering temperature and the optimum doping amount of copper ion were studied.
Experimentation

Reagents and Instruments
The materials used in the research are listed in table 1. The experiment involved these instruments: CPA1245 analytical balance; SZCL-4 temperature control magnetic stirring apparatus; HH-S smart thermostat water bath; SX 2 -5-12 high temperature box resistance furnace; 769YP-24B powder pressing machine; Vernier caliper; SJG-16 fast heating-up high temperature tube furnace; CHI650C electrochemical workstation.
Experimental Details
Mix La 2 O 3 with a suitable amount of Cu (NO 3 ) 2 solution, ethanol and nitric acid, water bath, stirring until no precipitate in solution, and then adjust the PH by adding urea and the TEOS. The precursor after drying and heating 600℃ becomes foam porous powder, then calcining at 800 degrees after grinding.
Results and Discussion
Phase Analysis of LSO Powder Comparing the six lines for the Figure 2 , it can be seen that the highest diffraction peak decreases slightly with the increase of doping content. Due to the copper ion radius bigger than Si ionic radius, the LSO cell becomes larger. According to the Prague equation: 2dsinθ=n λ, it shows that when the LSO unit cell becomes larger, while cell spacing (d) becomes larger, so the diffraction angle (θ) becomes smaller, leading to the highest diffraction peak of the diffraction angle has small shift. This also indicates that the Cu ions have been doped into the LSO lattice. At the same time, when the doping content is lower than 0.3, the crystallization of LSO crystal is more obvious with the increase of CuO doping content. When the doping content is higher than 0.3, LSO phase began to appear La 2 O 3 impurity phase. Because CuO as sintering aid improves the crystal growth of LSO activity. The LSO sintered body partially decomposed into La 2 O 3 , which is bound to cause the effect of electrical conductivity of LSO ceramics, when the doping content is too large. Therefore, analyzing the phase of LSO doped sinter with different doping content, we can get the optimum doping concentration is x=0.3. 4-group is also present in the five group. It can be explained that the Cu ion has been doped into the LSO lattice. But when the doping amount is 0.1 and 0.4, the absorption peak is not obvious, and copper ions replace more silicon ions, resulting in part of the [SiO 4 ] 4-frequency groups corresponding to the weak, a downward trend, due to the infrared sample has been polluted.
Microstructure Analysis of LSO
The three diagrams in Figure 4 shows that when the temperature is 1300 degrees, the grain boundary of La 9.33 Si 6-x Cu x O 26-x is not obvious, the distribution of particles is dispersed, and there is a cavity between the grains. When the temperature is 1500 degrees, the pores between the grains disappear basically, and the grains are arranged close together. The grain boundary is more obvious than that of the grain boundaries. When the temperature is 1600 degrees, the voids disappear, but there are some particles with large size and abnormal size. By contrasting three temperatures, the best sintering temperature is 1500 degrees. The electrical conductivity of LSO electrolyte with different doping amounts was measured at the optimum temperature of 1500 degrees. From the 5 diagrams, it can be seen that the conductivity of La 9.33 Si 6-x Cu x O 26-x and the doping content are linear when the doping content x=0.1, 0.2 and 0.3. At x=0.3, the conductivity reached the maximum at 800 degrees. At x=0.4, its conductivity drops abruptly. This may be due to the large amount of dopant leading to the expansion of the LSO lattice, which hinders the oxygen ion transport channel and reduces the oxygen ion transport solubility, and eventually the conductivity decreases. When the temperature at 400 and 500 degrees, the change of conductivity does not change obviously with the change of doping content, and remains stable.
Conclusion
In this experiment, the Cu doped apatite type LSO electrolyte powder was successfully prepared by urea-nitrate combustion method, and the sintered body with higher density was obtained. The XRD, IR, SEM, and conductivity analysis were carried out. The following conclusions were obtained:
The copper doping did not affect the crystal structure of LSO. When the doping content was 0.3, the crystallization was the best. By comparing and analyzing the phase and microstructure of La 9.33 Si 6-x Cu x O 26-x sintered at different temperatures, the optimum sintering temperature was 1500 degrees. The conductivity of La 9.33 Si 6-x Cu x O 26-x (x=0.1, 0.2, 0.3, 0.4, 0.5) at different temperatures was tested by AC impedance spectroscopy, which was found that when the doping content was 0.3, La 9.33 Si 6-x Cu x O 26-x had the highest ionic conductivity which value was up to 0.0735 S·cm -1
